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Abstract ' Infrared and Raman spectra ot three isomeric methoxy benzaldehydes have been studied and vibrational assignments to different 
intrared and Raman wavenumbers have been proposed In order to check the proposed vibrational assignments, force field calculations using the 
Wilson’s I G-matri\ method were carried out It could be possible to assign all the 48 normal modes and determine consistent force fields for all 
tlic three molecules
Keywords ‘ force liclds IR and Raman spectra, vibrational spectra 
PA( ‘S Nos. 33 20 I*a. 33 20 fb, 33 20 Tp
1. In tro d u c tio n
V ibrational spectra o f  anisole [K 2 ] and its derivatives 
have received considerable attention as the fo rm er is a 
representative m odel compound fo r a num ber o f  chem ica lly  
and b io lo g ic a lly  interesting systems. For example, the 
wood constituent lig n in  contains units o f  the m cthoxyphenyl 
type [3 ]. S tru c tu re  a c t iv ity  re la tio n s h ip  o f  o ne -rin g  
psycho lom im ctics depend on the num ber o f  m ethoxy 
substituents [4 ] and the ir orientation is know n to be o f  
im portance fo r  th e ir  p ha rm aco lo g ica l p roperties  [ 5 ]. 
Horak et al [6 ] investigated infrared and Raman spectra 
o f para-halogenated anisoles and Josefi et al [7 ] studied 
vibrational and N M R  spectra o f  mcta-halogenated anisoles. 
Mooney [ 8 ] reported the infra red spectra o f  o- and p -ch lo ro  
and o- and /?-bromo anisoles. In frared spectra o f  w -flu o ro
[9], p - flu o ro  and p -ch lo ro  anisoles [10 ] and some n itro - 
anisoles [ 11] have also been reported. U V  absorption spectra 
o f anisole and some o f  its mono-halogenated derivatives 
were studied by Dearden and Forbes [12 ]. E lectrica l nature 
o f the O C H 3 g ro u p  was inve s tiga te d  u s ing  Raman 
spectroscopy by V enkateswarlu  and Radhakrishnan [13 ]. 
V ibrational spectra o f  m- and p -m e thy l anisoles were reported
in literature [14,15]. M olecula r interactions in anisidines 
have been investigated using dipole moments [ 16], e lectronic 
spectra [17] and infrared spectra and heal o f  d ilu tio n  [18 ]. 
S im ila rly , v ibrational spectra o f  CH O  substituted benzenes 
have been extensively studied by a large num ber o f  workers 
(Ref, [19 ] and Refs, cited therein). The earlier spectroscopic 
studies were confined to anisoles, substituted anisoles, and 
substituted benzaldehydes and the ir substituted counter parts 
received little  attention. Therefore, we have undertaken a 
systematic v ibrational spectroscopic investigation o f  some 
aldehydes substituted anisoles. The present paper deals w ith  
the recording and analysis o f  the Raman and the infrared 
spectra, proposing consistent v ib ra tiona l assignments and 
evaluation o f  the force fie lds fo r the three isom eric m ethoxy 
benzaldehydes (M B D s).
2. E x p e r im e n ta l
Pure grade o- and /w-isomers were purchased from  Fluka, 
A .G . (Sw itzerland) andp-isom er was purchased from  Sigma 
Chem ical Co., (U S A ). A l l  the three isomers fo rm  colourless 
liqu ids at room  temperature and were used as purchased fo r 
recording the infrared spectra. However, p rio r to record ing
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th e  R am an spec tra , these  co m p o u n d s w ere vacuum -d istilled  
tw ice  to  m in im ize  th e  fluo rescence  background .
T he in frared  spectra  o f  the three com pounds w ere recorded 
at room  tem p e ra tu re  in pu re  liqu id  and  C C I4 so lu tion  phases 
at d iffe ren t co n cen tra tio n s  in the  reg ion  2 0 0 -4 0 0 0  cm^* on 
a P erk in  E lm er-621  sp ec tro m e ter b y  p lac in g  th e  liqu id  
betw een  tw o  C sl p la tes. T h e  sp ec tro m e te r w as ca lib ra ted  
w ith  th e  sp ec tru m  o f  po ly s ty ren e  th in  film .
T he R am an  sp ec tra  w ere  reco rd ed  on a Job in  Y uvon 
R am an o r HG .2S sp ec tro m e ter. T he sam p les w ere  p laced  in 
a q u a rtz  cell. T h e  0- and  w -isom ers  w ere  exc ited  by  the 
5145  A line  an d  th e  /^ -isom er w ith  th e  4 8 8 0  A line o f  an Ar" 
la se r  w ith  1 0 0 -3 0 0  m W  p o w e r a t th e  sam p les . T he 
d ep o la r iza tio n  ra tio s  w ere  m easu red  using  a h a lf  w ave  plate. 
T he sp ec tro m e te r w as ca lib ra ted  w ith  the spec tra  o f  C H C I3, 
CC I4 and  CS2. T he accu racy  o f  the m easu rem en ts  w as 
e s tim a ted  to  be w ith in  i  3 cm  ‘ and  the reso lu tio n  w as b e tte r 
than  3 cm  * th ro u g h o u t the entire  range under the experim ental 
co n d itio n s  em p lo y ed  for reco rd in g  the  in frared  and  the 
R am an  spec tra .
3. F o rc e  fie ld  c a lc u la tio n
It has been  a rg u e d  f20J tha t in th e  an iso le  m o lecu le  
(C 6H 5.OCH.O, all th e  a to m s ex cep tin g  the H  a tom s o f  C H 3 
g roup , are  in th e  sam e p lane . D u rin g  fo rce  fie ld  ca lcu la tions, 
Z w a r ic h  e t a !  [2 1 ] to o k  th e  b e n z a ld e h y d c  m o le c u le  
(C 6H 5.C H O ) to  be p lanar. T o  th e  best o f  au tho rs ' in fo rm ation , 
th e  s tru c tu res  o f  th e  th ree  isom eric  M B D s have  n o t been  
rep o rted  so  far. T h ere fo re , in th e  p resen t study , the  C H O  
g roup , th e  O  an d  C a to m s o f  th e  O C H 3 g ro u p  and  one  o f  
ihe H a to m s o f  th e  C H 3 g ro u p  w ere  taken  to  be in the  p lane  
o f  the  ph en y l ring . W ith th is assu m ed  struc tu ra l m odel, the 
th ree  isom ers b e lo n g  to  the  Q  p o in t g ro u p  and  the  48 norm al 
m o d es  o f  v ib ra tio n  a re  d is trib u ted  b e tw een  th e  tw o  species 
a '  an d  a ''  o f  th e  p o in t g ro u p  as :
( i)  p h e n y lT in g  : 2 l a '  + 9 a " ,
( ii)  O C H 3 g ro u p  : l a '  5 a",
(iii)  C H O  g ro u p  : l a ’ + 2 a" .
T h e  fo llo w in g  w e re  th e  s tru c tu ra l p a ram ete rs  fo r th e  
O C H 3 m o e ity  [22] u sed  fo r th e  ca lcu la tio n  o f  th e  G  
m a trix  e lem en ts  : r ( C - O C H 3) =  1.356 A, r(C '--H ) =  L IO  A, 
r ( 0 - C H 3 )  =  1.435 A, a ( C - O - C )  -  1 1 8 .P ,  a ( O - C '- H )  -  
109 .5°, w h e re  C 'd e n o te s  th e  ca rb o n  a to m s o f  th e  O C H 3 
g ro u p . T h e  s tru c tu ra l p a ram e te rs  fo r b en za ld eh y d e  p a rt a rc  
sam e  as in R ef. [21 ].
T he  v ib ra tio n a l p ro b lem  w as se t u p  in te rm s o f  th e  
in te rna l c o o rd in a te s  an d  from  these  th e  sym m etry  co o rd ina tes  
w e re  co n s tru c te d  a ssu m in g  Cav loca l sy m m etry  fo r th e  C H 3 
g ro u p . H ere , all th e  p la n a r  b en d in g  in te rn a l co o rd in a tes  a re  
o f  y ^ ty p e  as u sed  in R e f  [19 ]. T he  sy m m etry  co o rd in a tes  fo r
th e  pheny l ring  and  fo r th e  O C H 3 an d  th e  C H O  g roups wck 
con stru c ted  as e a rlie r [19]. It m ay  a lso  be n o ted  here that 
each  o f  the  ring , to rsiona l in ternal co o rd in a tes  h ave  been 
taken  to  be  the av erag e  o f  th e  tw o  in te rna l coordinates, 
A <?tccc sn d  A<Z^ccy Y  -  H /O C H 3/C H O ) and the 
to rs io n a l in te rna l co o rd in a tes  fo r th e  C H 3 g ro u p  about the 
O -C H 3 b ond  w as fo rm ed  by  av e rag in g  the  th ree  dihedral 
ang le  de fo rm atio n s an d  sim ilarly , fo r the  C H O  group . b\ 
averag ing  all th e  fou r d ihed ra l an g le  de fo rm atio n s.
In co n stru c tin g  th e  F  m atrix  e lem en ts , the to ta l n u m b e r  
o f  force co n stan ts  co n sid e red  w ere  78 , 78 an d  77  for th e  
a -, m - and  p -iso m ers  re spec tive ly . T he s ta rtin g  set o f  force 
co n stan ts  w ere  tran sfe rred  from  th e  w ork  on benzaldehyde 
[21 ,23] fo r ben za ld eh y d e  p art and  from  R efs. [2 ,2 4 -2 8 ]  for 
th e  m e th o x y  g roup . T he  in terac tion  co n stan ts  fo r w hich  no 
v a lu es w ere  av a ilab le  in lite ra tu re  w ere  tak en  as zero  to  s ta r t  
w ith . Six fo rce  constan ts , n am ely , v (C -O C H 3) / i/(C ”-CHO). 
a ( H - C : '- 0 ) / a ( H - C '- 0 ) ,  a ( H - C '- H ) / a ( H - C '- H ) ,  a ( C  () 
C > V ( ( M :H 3), v ^ (C M :H 3 ) /a (H -C '-0 )a n d  t (C -O C H ^ )/t(C 
C H O ) w ere k ep t fixed  w ith  zero  va lues d ue  to  th e  fact th a i 
th ese  h av e  e ith e r sm all co n tr ib u tio n s  to  th e  p o ten tia l e n e r g y  
d is tr ib u tio n s  (P E D s) o r  la rge  u n ce rta in tie s . A fte r 2 
ite ra tions, a  go o d  fit b e tw een  the  ob se rv ed  an d  th e  c a l c u l a t e d  
fu n d am en ta ls  have  been  ob ta ined . A ll the  fo rce  c o n s t a n t s  
th e ir  descrip tio n s, n u m erica l v a lues and  d isp ersio n s a re  
g iven  in T ab le  1.
4. R e su lts  a n d  d isc u ss io n
F or v ib ra tio n a l ass ig n m en ts , ass is tan ce  h as a lso  been  taken 
from  th e  v ibrational assignm ents m ade fo r b enzene derivatives 
con ta in ing  O C H 3 [1 ,2 ,2 4  -28] and  C H O  [19 ,21 ,29 ,30] g r o u p s  
A ll the  observed  in frared  and  R am an w av en u m b ers alongvv ith 
th e  c a lc u la te d  w av e n u m b e rs , P E D s an d  th e  p r o p o s e d  
ass ig n m en ts  are  co llec ted  in T ab les  2 -4 .  T h e  d iscussion  ol 
th e  no rm al m o d e  ass ig n m en ts  can be d iv id ed  into th e  
fo llow ing  fo u r g ro u p s  :
(i)  th e  ph en y l ring  m odes ,
(ii)  th e  C H O  g ro u p  m o d es ,
(iii)  th e  O -C H 3 g ro u p  m o d es  and
(iv ) th e  C H 3 g ro u p  m odes.
4,1, Phenyl ring modes :
S ince  m an y  o f  the  p h en y l r in g  m o d es  a re  w ell estab lished  
o n ly  som e im p o rtan t an d  co n tro v ers ia l m o d es  w o u ld  be 
d iscu ssed  in  th e  fo llo w in g . S o m e o f  th e  p h en y l r in g  m o d e s  
are  su b s titu en t sen s itiv e  [31]. A m o n g st such  m o d es  are  the 
r in g  b rea th in g  m o d e - 1 , th e  tr ig o n a l p la n a r  rin g  bending 
m o d e -1 2 , th e  K ek u le  C * C  s tre tch in g  m o d e -14 and  the 
u m b re lla  C -H  n o n -p lan a r b en d in g  m o d e -1 1.
F o r m -su b stitu ted  b en zen es  th e  rin g  b re a th in g  m ode is 
a ss ig n ed  a t 1 0 0 0  cm'^^ o w in g  to  its ch a rac te ris tic  intensity
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S.N and Description o-MBD m-MBD










10 >7(C-H) (A, i -  3, . 6)
11. P{C^O){(h)
12,
13. a(C -0-C H ,) ((99)
14. ^(O-CHj) (r9)
15 v(C''-H) (r„ / -  10--12 )
16 a(0-C"-H) / = 3-5)
17 a ( I I - C " - l I )  {0,, I -  6 - 8 )
18 ^{C-C-C-C) {(fi)
19 r ( C - O C H j ) ( c ! r , )
20 7^ (C -CH()) (^ 2^)21 riC-V\){S„ 1 ^ 3  6)
22 r(C-CHO) (r)
23. (oiCHO) (<y)
24 r(C OCH3) (r,)
25. r(0-CH3)(r2)






32. T2/?4 * -r i/k
33.
34. -^,o,+i = (i = 3, 4... 6)
35. /?iri «  R r^\
36. R2t[ = /?sri
37. /?jn = /e4n
38. Riri *  /?2r2
39. /?5T2 =* /?3^ 2










































0.1358 6 4850 0.3809 6.4924 0.1184
0.1841 5.7477 0.0 5.7492 0.1651
0 9291 4 6677 0 1181 4 6676 0 5013
0.0169  ^ 5.0878 0 0330 5 0922 00215
0.1238 1 9.6358 0.1275 9.6358 0.7173
0 0305 ( 4.1103 00511 4 1072 0 0388
0.1299  ^ 1.4098 0 3264 1.4104 0.0620
0.1844 1.7322 0 1061 1.7356 0.9809
0.1259 1.5893 0.0 1.5925 0.1393
0.0165 1.0245 0 0280 1.0284 0.0193
00 1.8699 00 1.8699 0.0
0.1258 1.2425 0.0971 1.2524 0.0644
0.2408 1 2868 0,8925 1.2917 0 4090
0.8953 526A1 0.1258 5.2647 0 0
0 8953 4 6391 0 0314 4.6384 0 0236
0 2373 0.6697 0 0448 0.6726 0.0
0.3490 0 5790 0.0225 0.5739 0 0174
nar principal force constants
0 0088 0.0603 0.0267 00710 0 0149
0 0757 0 2060 0 0504 02172 0 2007
0.0508 0.3165 0.1434 0.3188 0.3401
0.0116 0 3360 0.0373 03213 0.0207
0 0 0 0083 0 0 0.0085 0.0
0 1227 0.4027 0.0657 0.4042 0.0423
0 0015 0 0237 0.0863 0 0246 0.0
0.0060 0.0062 0,0047 0.0071 0.0
interaction force con.stants
0.0 0.7781 0.0 0.7781 0.0
0.0 0.3492 0.0 -0.3492 0.0
00 0.2717 0.0 0.2717 0.0
0.0 -0.0135 0.0 -0.0135 0.0
0.0 0.4968 0.0 0.4968 0.0
0.0 0.0653 0.0 0.0653 0.0
0.0 0.0582 0.0 0.0582 0.0
0.0 -0.3332 0.0 -0.3332 0.0
0.0 0.0700 0.0 0.0700 0.0
0.3376 0.4535 0.9317 0.4504 0.6917
0,8560 -0.0705 0.1029 -0.0678 0.4976
0.1019 -0.1231 0.1630 -0.1251 0,4559
0.0 0.6738 0.0 0.6738 0.0
0.0 0.1919 0.0 0.1919 0.0
0.0 0.2352 0.0 0.2352 0.0
Pable I. (Cont*d)




41. R,fii -  -R,.xP, (/ -  3, .6) -0  2853
42 R„xp, -  -Ri-iP, (/ -  3, . 6) -0 0092
43 /?, Pi, -  -P,^^R, {t -  3, 6) 0 0186
44 rxO<) -0  2003
45. r,r9 -0  9246
46. riOx -0  0643
47. r/r,^ i (/ = 3, . 6) 0 0337
48. r,r,^ 2 {> ^ 3, 6) 0.0275
49. (/ -  3. ..6) -0 1452
50. P 1P2 -0.4380
51 >?//?/>.(/’" 3. . .6) -0  0206
52. p,p„7(i ^ 3, ...6) -0  0549
53 p.pi^y {I  ^ 3, . .6) -0  0158
54. O1O2 -0.5510
55. nr„i (/ -  10, II, 12) 0.0093
56. OiOj-- O A  = 0.0721
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- 0  4378 
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-0.0549 






Non-planar interaction force constants
59. (/ = 1 , . 6) - 0 0204 0.0 -0  0354
60 (/ “ 3, 6) 0 0092 0.0 0.0092
61 0 -  3, 6) -00213 0.0 -0.0213
62. (/ -  3, ...6) -0.0045 0.0 -0  0045
63. (/ = 3, . .6) - 0 0204 0.0 -0  0335
64. 0.0104 0.0 0.0104
65 0.0096 0.0 0.0096
66. S2SA ~ <52^ 6 -0  0103 0 0 -0.0103
67. 0.0185 0.0 00185
68. S2C1) 0 0359 0.0 0.0359
69. 0.0062 0 0 0.0062
70. 0)^ * 0.0137 0.0 00137
71 - 0  0080 0 0480 - 0.0076
72. T\T2 0.0033 0 0040 0 0039
0.0 -0.2853 00
0.0 -0.0092 0.0
0 0 0.0186 0 0
0.7740 -0  1989 0 5709
0 7069 - 0.9251 0 1001
0.0 -0  0643 0.0
0.0 0.0337 0 0
0.0 0.0275 0 0
0 0 -0  1452 0.0
0.4728 -0.4322 0 4674
0.0 -0  0206 OQ
0 0 -0.0549 0 0
0.0 -0  0158 0 0
0 0 -0.5510 0.0
0 0225 0 0103 0.0170
0 0472 0 0673 0 0431
0 0 0 0049 0 0
0 0 0 2682 0 0
0 0 0 0354 0 0
0 0 0 0092 0 0
0 0 -0.0213 0 0
0.0 -0  0045 0.0
0 0 -0  0335 0 0
0.0 0.0104 0 0
0 0 0.0096 0 0
0.0 0 0103 0 0
0 0 -
0.0 0 0359 0.0
0 0 0 0062 0.0
0.0 00137 0.0
0 0571 -0  0041 0.0380
0 0179 -0.0008 0 0
: o, w and p stand for ortho, meta and para respectively ; R, (/ = I, 2, 3...6) is bond C, -  C,_i where Cl is the carbon atom of the phenyl ring 
to which the OCH3 group is attached. /?/, i„ and / arc internal coordinates from the atom C, in a clockwise sense. C' aldehyde group carbon C 
CH3 group carbon.
@ : Units of force constants arc as follows ; mdyne/A for stretch and stretch-stretch interaction, mdync/rad for strctch-bond interaction and mdyne 
A/rad  ^ for the remaining force constants.
♦ : The force constants for which dispersions are zero were kept fixed.
an d  d ep o la r iz a tio n  fea tu res  in the  R am an spectrum . In the 
p re se n t c a se  to o  th e  R am an  freq u en cy  a t 996  cm “* fo r the 
/w -isom er is a ss ig n ed  to  this* m ode . F o r a n u m b er o f  m ono-, 
o - and  /^ -su b stitu ted  b en zen es  the  r in g  b rea th in g  m ode is 
a ss ig n ed  a t - 1 0 4 0  an d  -*800 cm  * re sp ec tiv e ly  [29 ,32 ,33], 
In th e  p re sen t case , fo r th e  o -iso m er th ere  are  tw o  R am an
freq u en c ies  1044 an d  786  c m " ' h av in g  iden tica l features 
w hich  co u ld  be  co rre la ted  to  th e  rin g  b rea th in g  mode-1 
H ow ever, th e  h ig h e r freq u en cy  is b e tte r  ass ig n ed  to  the  mode 
C -H  in -p lane  b en d in g  and  h en ce , the  lo w er o ne  is assigned 
to  the  m o d e-1 . F o r th e  /?-M B D  th e  rin g  b rea th in g  mode is 
ass ig n ed  a t 860  cm  ^
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- 3100 sh 3105 4(96) C’-ll stretch (20t/) a'
J077 (1, 42) 3075 (8) 3077 4(9S) C-11 stretch (2) ti'
3057 (1, 25) .. - 3052 4(|00) C-11 stretch (20/)) a'
3 0 1 2  (0,/>) 3010(8) 3012 4((02) C' H stretch (7/j) a'
- 2965 (8) - 2953 15^100) C'lhasym stretch a"
2047 (1,/J) 2945 (9) - 2955 I.‘<(99) Clliasym stretch a'
2847 (1, .35) 2853 (9) 2840 (7) 2847 15(99) CIO sym stretch a'
rS 2  (O./i) 2755 (8) - 2755 6(99) C-M stretch n iO  group a'
1^ X7 (10, .29) 1700(10) 1080(9) 1679 5(49). ?(2.n. 12(21). I‘R between 1677, C-O a'
1(10). 11(7) stretch and 2 856
Ib67(3, 29) 1650 (10) 1658 (8 )
1602 (9, 46) 1588 (9, bi) 1594 (10) 1614 1(57), 2(19), 7(14), 10(6) C--C stretch (8/)) a'
1\S4 (2, .38) 1570 sh 1570 sh 1566 1(70), 10(13). 7(11), 
5(1(0. 2(5)
C-=C stretch {8«) a'
14S4 (3, .36) 1485 sh 1470 (9) 1499 1(44), 10(W). 2(7), 7(5) C'-C stretch (19/)) a'
- - 14()7 17(100) CIl3 a,sym deform a"
I46ML 38) 1461 (10) 1461 (9) 1465 17(98) CHiasym deform a'
1440 (1, 33) 1428(9) 1 436 (9) 1449 10(41). 1(29), 5(8). 
I7((>), 16(5)
C-C stretch (J9a) a'
1425 10(19), 11(18), 12(18), 1(14), Cl 1) sym. deform a'
14(11), 16(10), 17(9)
1397 (2, .34) 1395 (10) 1398 (8 ) 1378 12(37), 10(22), 11(21), C-H i p b C lio  group a'
1(15), 5(11)
1304 ( 1 , 65) 1298 (10) 1298 sh 1313 1(41), 10(21), 16(19), 2(16), C-OCIU stretch (7 7^) a '
17(15), 7(9)
- 1288(10) 1280(9) 1286 1(117), 10(16), 7(6) C-C sterclch (14) a'
1248 (10, .17) 1236(9) 1241 (10) 1243 10(80), 1 ( 1 2 ) C 'C ip b , (3) a'
1192 (6 , 23) I 178(9) 1183 (9) 1193 10(76), 1(13) C -H ip b  (9ci) a
1163 (5,.23) 1156(10) 1157(9) 1163 3(26), 7(24). 10(19),
1(18), 12 (1 n .
C-CIIO stretch (13) a'
1104 (3. 36) 1098 (9) 1098 (8) 1109 l(,39), 10(28), 7(10), 16(7) C- 1 1  i.p.b, (18a) a '
- - - 1059 16(71), 1(14), 10(5) CHj parallel rock u’
- - 1040 16(97) CH3 perpendicular rock a"
1044 (6 , .14) 1039(10) 1038(10) 1026 1(64), 10(16). 7(6) C-H i pb. (18/)) a*
1026(1, .26) 1 0 2 0 ( 1 0 ) 1 0 2 0 ( 1 0 ) 1005 14(38), 1(21), 16(17), O-CH3 stretch a'
17(12). 7(12)
1009 (0, .10) - 1004 21(85). 18(23). 23(12) C-H o.p.b. (5) a"
- 992 21(58). 23(33), 18(17) C-H o p b. (17/)) a"
944 (6) 940 (5) 962 23(43), 21(50), 18(14) CHO wagging a"
- 856 (8) 853 (6) 866 21(85). 18(19) C -H o p b  (17a) a"
837(1,44) 831 (10) 830 (9) 841 7 (4 7 ), 3(18), 1 ( 1 2 ), 1 2 (6 ) C-C-Ci.p.b. (12) a '
786(6, .13) 790 (9) 790 (9) 810 1(27), 7(27). 2(14) C-C stretch (1) a'





Raman Infrared assignments* c
(liquid) (liquid) c c ij  Sol Potential L1
cm"' Rel. Int cm ' Rel cm ' Rel cm ' energy e
&Dep. Int Int distribution^ "' ,s
756 (0, dp) 758(10) 754 ( 10) 750 21(91), 18(12) ^  "" C -lIo.pb (11) u"
726 (0, .63) 720 (7) 718(6) 713 18(33),ai(18). 20(14), 19(9) C~c-C- C torsion (4) a"
640(1, .36) 641 (9) 643 (7) 621 7(55), 1(11), 12(6) C —C •*'C 1 p.b (Ocf) a'
583 (2, .71) 580(7) 580 (3) 582 7(27), 13(24), 11(12), 
1(8), 8(7)
C -0  i p b. a'
529 (0, ?) 526 (6) 521 (2) 436 + 92 A'
480(1,.70) 480 (8) 480 (4) 494 20(43), 18 (19), 19(15), 21(10) C-C -C-C’ torsion (16a) a'
436(0, l.O) 428 (7) 430 (2) 426 18(39). 19(29), 21(6) C-OClIi o.p b. (10a) a"
402 (4, .18) 400 (3) 420 7(33). 8(19), 9(19), 2(13), 
3(11), 1(6)
C C C i p b (66) u'
- 341 (I) - 349 11(21), 13(21), KH). 2(8). C-()-C angle bending a
3(8), 7(7)
277 (1,.67) 275 (3) - 272 18(24). 19(19), 25(15). 20(15). 
24(9). 31(0)
C ('llO op b  (lO/i) Li"
... 230(4) 221 18(35), 22(35) 25(10) ( ' -C C’- C loision ( I (>A) a"
201 (1, 65) - - 203 9(37), 8(30), 13(21). (' ( )C1 it 1 p b (9/t)
11(14), 7(8)
- - - 164 9(30), 8(28), I.UI2) 11(0) C - C IK.) 1 p b MSi ‘
166(0, dp) - - 163 25(70), 19(8) «) Cl Ij loision ti'
128 (0, dp) - - 133 22(44), 18(32), 24(5). 25(5) ('-C'l lO torsion a "
- - - 92 24(85), 19(9), 28(8), 22(5) C-OCIh torsion Li"
# Abbreviations used . Rel. int = Relative intensity. Dep -  dcpolarbatioii ratio, br ^ broad, sh =- shoulder, i p b -  in-planc bend, o p.b - oiil-i>l- 
planc bend, .sym. = symmelric, asym. =• asymmetric, deform = deformation, sol. = solution I’R ■ fermi resonance
&: The numbers out side the brackets arc the force constants number defined in Table I and those within the brackets are the corresponding contributions
* . The modes corresponding to the benzene modes as given by Wilson arc given w ithin the hrackels lollow ing each assignments
T he m o d es 1 and  12 o f /n -su b s titu te d  benzenes g ive  rise 
to  tw o  freq u en c ies  in the  n e ig h b o u rh o o d  o f  1 0 0 0  cm  * and  
750  cm  A s th e  ring  b rea th in g  m o d e -1 fo r th e /w -iso m e rh a s  
a lread y  been  ass ig n ed  a t 9 9 6  c m * t h e  m o d e -12 is assigned  
at th e  freq u en cy  760  cm  ' w h ich  is in a Ferm i resonance  
w ith  the  first o v e rto n e  o f  the  fundam en ta l a t 382 cm  
F or th e  /?-M B D  th e  tr ig o n a l ben d in g  m ode  12 is ass igned  
at 7 2 0  cm  ',  w h e re a s  fo r th e  o -M B D  th e  freq u en cy  
837  cm  ' is a ss ig n ed  to  th is  m ode.
In the  p resen t case , th e  N C A  suggests  tha t th e  C =C  
s tre tch in g  and  C -H  p lan a r ben d in g  fo rce  constan ts  g ive  rise 
to  tw o  freq u en c ies  in th e  reg ion  1 2 4 0 -1 3 0 0  cm  F or all the 
th ree  isom ers , th e  lo w er freq u en cy  is ass igned  to  the C -H  
p la n a r  b en d in g  m o d e-3  and  the  h ig h e r one  to  th e  K ekule  
C -C  s tre tch in g  m o d e -1 4. F rom  T ab les  2 - 4 ,  it is obv io u s tha t 
th e  m o d e  3 is a  pu re  C -H  b en d in g  m o d e  fo r th e  p -iso m e r 
w h ereas  it sh o w s a  w eak  and  a  su b stan tia l m ix in g s  w ith  the
C -C  stretching for the u- and w-isom ers respectiveh. 
S im ila rly , the Keku le  m ode -14 appears to be a pure C - (  
Stretching mode having a litt le  m ix in g  w ith  the C -H  planar 
bending mode fo r the o- and p-isomers. For the /ii-isomei 
it  remains alm ost a pure mode having m ix in g  w ith  several 
other planar modes.
T he C -H  n o n -p lan a r b en d in g  m o d e -1 1 (u m b re lla  mode) 
is exp ec ted  to  ap p ea r in th e  reg io n s 7 3 5 -7 7 0 , 770  795 and 
7 9 5 -8 2 0  cm  ' fo r o-, m -  a n d p -s u b s ti tu te d  b en zen es  [34]. In 
the  p resen t case , th is  m ode  is ass ig n ed  a t the freq u en c ies  756. 
742  and  771 cm  ' fo r th e  o-, m- and  p -iso m e rs  respectively . 
T he F E D  fo r th is m o d e  ind ica tes tha t th is  is la rgely  a  pure 
C -H  n o n -p lan a r ben d in g  m ode, h av in g  a sm all m ix in g  with 
th e  ring  C - C - C - C  to rsion .
T he C -O C H 3 s tre tch in g  m ode  is a ss ig n ed  a t 1200 cm ' 
fo r an iso le  by  B a lfou r [1] w h ereas R am ana  R ao  and  co- 
w o rk e rs  [2 ,24 ,26 ,28 ] ass ig n ed  th is  m o d e  fo r  th e  same
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lie 3. Observed and calculated frequencies for m-MBiy
Observed Proposed S
Raman Infrared Calculated assignments* Pc
c( l i q u i d ) (liquid) e c u  Sol Poleniial
cm ' Rcl Int cm ’ Rcl. cm ‘ Rcl cm ' energy ie
s& Dcp. Ini Ini dis i^bution^"'
1200 (0 . p) 2 * 1 6 0 2
31 8 1  (0 ,/;) - 2*1593 .4'
- - - 3105 4(^ f6) ( ' - 1 1 siietch (206) a'
3080 (2, 42) 3075 (5) - 3079 4(*)
4(i00)
C'- Il stretch (2) a'
^040 (0 , p ) - 3050 C' - 1 1 stretch {2i)a) a'
1020 3013 (6 ) - 3012 4(fi)2) C-ll .stretch (7t;) a'
2060 (0 , dp) 2065(7) - 2953 15(100) Cllias>m stretch a"
2045 (1,/?) 2951 (7) 2955 15(90) Clhasym stretch a'
2830(1, 35) 2845 (0 ) 2841 (7) 2X46 15(90) O il sym stretch a'
2740 (0, p ) 2738(6) 2741 (7) 275(1 6(90) C 11 stretch Cl lO group £/'
1703 (10, 201 1701(10) 1700 00) 171(> 5(46), 12(26),.)(17),' I R between 1691, a'
1(11), 11(7) C~ 0  stretch and
1041 t 650
l()SM3, 2 0 ) 1681(10) 1681 (0 )
11)07 (2, 5 0 ) 1604 1(54), 2(21), 7(14), 10(18) C=C’Mrclch (86) a'
l()02(2 44) 1 500 sh 1600 sh 1 R between 1597 a'
1-0(2, 44) 1586(10) 1580 (1(1) 1570 1(72), 7(10). 5(8), ( -C stretch iHa) and
10(7). 8(7) 1196 ♦ 399
- 1513 1(40), 10(22), 2(9) 
7(8). 3(6)
C- C slictch(I96) a'
1 lOi (1 M ) 1480 (10) 1480 (0 ) 1475 1(38), 10(38). 17(15), 5(6) C ( ' stretch (19£j) a'
1464 17(101) Ohasym deform a"
I u>2 {1 32) 1460(10) 1450(10) 1464 17(85), 10(8). 1(7) (lliasym  delorm a'
1 (I 41) 1431(0) 1430 (0 ) 1425 10(40), 1(17). I6(M), 
17(11). 14(13)
C’llj sym delorm a'
13X0(1, 35) 1385 (9) 1380(0) 1370 12(54). 11(36), 5(24), 
10(6), 1(5)
C H i p h (410 group a'
1320 (3. 16) 1329 (0 ) 1322(10) 1334 1(41). 16(19), 10(15), 
17(15), 2(12), 7(10)
( -OCHi stretch (13) a'
1291 (2 , 18) 1286(10) 1288(0) 1288 1(85), 10(13), 16(11). 17(9), C-C stretch (14) a'
2(8), 11(6), 7(5) •
1269(10, 12) 1 2 (?(?(1 0 ) 1260 (9) 1240 10(90), 1(39) C-ll i p.b. (3) a ’
1258 (sh,p) 1041 f209 . r
1106(3, .21) 1188(8) 1190 (9) 1197 10(84), 1(10) C-n i p b (96) a'
•1167(1,/>) 1161(10) 1160(10) FR between 1161, a '
1154 (2, 33) 1150(10) 1148(9) 1146 3(23), 7(24), 10(21), C~CHO stretch (76)
1(10), 12(9), 16(8) and 1038 ^ 127
1076(1,/?) 1076 (6 ) 1080 (8) 1089 1(40). 10(25), 7(12) C-H i.p.b. (186) a'
1040(1, .23) 1041 ( 1 0 ) 1040(10) 1050 16(73), 1(10) O il parallel rock a '
- - 1038 16(98) ( Hi perpendicular rock a"
- - - 1025 1(42). 10(15). 14(16). 
7(10), 16(9). 17(6)
C-H ip.b (18a) a'











cm ‘ Rel 
Int
e c u  Sol 






960 (0, dp) 
935 (0, dp) 
909 (0, p)
897 (0, dp) 
’ 775 (2, 15)
. 742 (5, 08) 
759 (sh, dp)
650 (2, .23)
557 (2, 53) 
455 (3. 44)




































1005 23(80), 20(8). 21(8)
999 1(60), 7(15), 14(8), 3(6)
977  ^ 21(97), 18(30)
900 21(95), 18(21)
909 1(22), 14(20), 7(17),
3(12), 16(9), 2(7)
885 21(91), 18(21), 23(5)
761 7(44), 1(18),’
2(8), 3(5)
756 21(36), 18(22), 19(6), 23(5)
742 21(83), 18(19)
620 7(45), 13(14), 1(9), 11(9)
580 7(43), 13(14), 1(13), 1(8)
469 20(40), 18(27),’
21(7)
436 19(48), 18(29), 20(7)
399 7(22), 9(22). 3(21),
LI(19), 1(9), 8(7)
386 7(20), 8(21), 2(20),
13(15), 14(12), 1(11)
277 18(32), 25(13), 22(13),
19(13), 21(11)
241 18(22). 20(18), 22(14),
4(14), 25(11), 21(10)
207 8(42), 13(32), 9(28)
165 25(74), 19(8)
158 9(39), 8(13), 11(9), 12(8)
135 22(64), 18(13), 20(9), 24(7)
84 24(84), 19(9), 25(7),
21(6), 20(5)
CHO wagging a'
C-C stretch (1) a'
C -H opb (5) a"
C -H o.pb(17a) fl"
0-“CI U stretch a'
C -H op b (176) a"
FR between 760, a
C -C -C ipb  (12) . 
and 2*382
C -C-C'-C torsion (4) a’'
C-Ho.p,b. (11) '
C'-O i p b a'
420 + 209 A"
C-C'-C i p b (6fl) u'
FR between 452, a"
C-C-C- C' torsion 
(16a) and 233 + 207 
C-OCH3 o p b (10c/) a"
C-C-C i p b (6u) a'
C-O-C angle bending u'
C C-C-C.torsion (166) a"
C O IO o p b  (106)
C-OCIU i.pb (15) 
O-CH3 torsion 
C-CHO i p.b {9a) 
C-CHO torsion 
C-OCH3 torsion
#, *. @ : Symbols defined in Table 2
m o lecu le  in the reg io n  1250 -1 3 2 5  cm  In the p resen t case 
th is  m o d e  co u ld  be ass ig n ed  a t the frequenc ies 1304, 1329 
and  1320 c m " ' fo r o-, m - and  /»-isom ers respective ly . For all 
th e  th ree  isom ers  it is a  s trong ly  m ix ed  m ode  h av in g  m ix ing  
w ith  th e  r in g  C -C  stre tch ing , p heny l C -H  p lane  bend ing , 
r in g  an g le  b en d in g  and  th e  C H 3 de fo rm ation  an d  rock ing  
m odes .
T h e  C -C H O  stre tch in g  m o d e  fa lls in the  reg ion  w here  
o th e r  p lan a r m o d es  are  a lso  ex p ec ted  to  appear. H ence , th is 
m o d e  is like ly  to  hav e  s tro n g  in terac tion  w ith  the  o th er
m odes. In the  p resen t case  th is m ode  is a ss ig n ed  a t the 
frequenc ies  1163 and  1164 cm *' fo r the  o- an d  p -isom ers 
respective ly . F or th e  m -M B D  there  are tw o  freq u en c ies  1167 
and  1154 cm " ' in the R am an and  1160 and 1148 cm ~' in the 
IR  spec tra  hav ing  iden tica l fea tu res. T hese  a re  ex p la ined  if) 
te rm s o f  Ferm i reso n an ce  betw een  th e  C -C H O  stretch ing  
fundam ental and  com bination  band  1038 (a" , ca l.) +  127 (a"). 
T he  F E D  fo r th is  m ode  suggests  th a t th is  m o d e  indeed 
appears to  in terac t stro n g ly  w ith  severa l p lan a r m o d es fo r all 
th e  th ree  isom ers.
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cm 1 Rel. 
Int.
CCI4 Sol 








3160 (0, ?) 
3104(0, .16) 
3082 (2, .19) 
3057(1, .30) 
3017(1, .29) 
2961 (0, dp) 
2944 (7, .0) 
2915 (sh, p) 
2847(10, .09) 
2744 (4, .20) 
1699(4, 32)
, 1683 (7, 25) 
1603 (10, .30)
1580 (4, .27) 
1515(0, 60)
1464 (0, 43) 
1446 (sh, p)
1431 (2, .26)
1395 (0, .26) 
1320(1, 14)
1307 (sh.p) 






















































1714 5(48), 12(27), 3(18),
11(8), 1(7)
1590 1(45), 2(27), 10(18),
7(14), 14(7)





1444 1(30), 17(29), 10(15),
14(12), 16(9)
1432 1(33), 10(29). 16(9),
17(8), 14(7), 5(6)
1369 12(55), 11(40), 5(24)





1167 7(28), 3(26), 1(21),
10(14), 12(10)
1119 10(40). 1(37), 7(6)
1057 16(77), 1(8)
1040 16(97)
1017 1(44), 7(28), 10(17)
1006 23(81), 21(7), 20(7)
995 14(38), 1(32),
16(16), 17(10)
971 21(89), 18(33), 18(17)
947 21(83). 18(35)







C H 3 asym stretch 
Cllj asym. stretch 
1699+ 1220 
CHi sym. stretch 







CHj a.syni deform 
C H 3 ajjym deform 
CH3 sym deform.
C-C stretch ( 196)




C-H i p.b. (9a)
839 + 335;945 + 240 
C-CHO stretch (13)
C-H i.p.b. (186)
CH3 parallel rock 
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Observed Proposed s'
Raman Infrared Calculated assignments* P
(liquid) 
cm * Rel. Ini 
& Dcp.
(liquid) 
cm ' Rel. 
Int
e c u  Sol. 










839(1, 02) 833 (7) 830 (5) 820 21(90), 18(28) C- H o.p.b.(17/>) a"
771 (0, .18) 768 21(85), 18(27) C-Hop.b. (11) a"
762 (0, .14) - - 762 21(32), 18(21), 20(10), 19(8) C-C-C-C torsion (4) a"
720(0, 50) 716(3) 720 (6) 718 7(21), 1(18), 3(16), 
2(13), 13(6), 12(5)
C-C'-Cipb. (12) a'
• 646 (2, 28) 
635 (2, .50)
653 (5) 650 (6) 670 7(84) FR between 640, 
C-C-C i.p.b. (6^) 
and 2*335
a'
611 (1,.11) 607 (5) 608 (8) 579 7(28), 11(17), 1(10), 
9(8), 8(8), 13(5)
C^O i.p bend a'
515(0;/?) -M4(5) 335 + 169 A'
491 (0, 45) - 480 (7) 481 18(36), 21(17) C-C-C-C  torsion (16/>) a"
- - 452 19(32), 20(36), 18(16) C-OCHjop.b.(IO^) a''
’424 (0, ?) 430 (3) 422 13(22), 11(18), 1(15), 3(9),' 
2(8), 8(8), 7(6)
FR between a(C -0-“C) 
and 240 + 169 cm ’
a'
■397 (0, .23) 392 (5) 390 (4) 7(6)
373 (1, .14) - 359 7(31), 8(23), 9(19), 2(11), 
3(10), 1(6), 11(5), 14(5)
C-C-C 1 p b. {6a) a'
335 (0, 66) 330 18(24), 19(28), 20(21). 
21(10), 22(5), 25(13), 
24(7)
C-CnOop.b, (10a) a"
273 (1,.16) 283 (4) 2*133, lattice mode A'
~ 248 (4) 240(3) 226 22(28), 25(24), 
18(22), 21(8)
C-C-C-C torsion (16a) a"
191 (1, 58) - - 200 9(34), 8(32), 13(23), 
11(8), 7(8), 12(5)
C-OCH3 i.p b. (9b) a
- - - 168 9(31), 8(19), 13(15). 
1(9), 11(6), 12(6)
C-CHO i.p.b (15) a'
- - - 169 25(54), 22(22), 
19(12), 18(8)
O-CI l3 torsion a ”
133 24(40), 22(28), 18(8), 
20(8), 25(7)
C-CTIO torsion a"
“ - 78 24(48), 18(13), 22(13). 
21(7), 19(6), 20(5)
C OC’Hi torsion a"
*, Symbols defined in Table 2.
4.2 CHO group modes
The C -H  stretching mode is assigned at the frequencies 
2752, 2740 and 2744 cm  ^ fo r the /w- and /?-isomers 
respectively. In the C = 0  stretching region tw o  frequencies 
have been observed fo r  a ll the three isomers. Appearance o f  
the doublet in each case is explained in terms o f  the 
Ferm i resonance between the C = 0  stretching fundamental 
and a suitable com bination/overtone frequencies. The C -H  
planar bending mode o f  the C H O  group is observed near 
1380 cm ’ fo r benzaldehyde and its derivatives [19,21,29,30].
In the present case, it is assigned in a very narrow  re g io n  
1380-1400 cm ‘ .
The C ^O  in-plane bending mode is assigned in the region 
600 -620  cm “  ^ fo r benzaldehyde and at 587 cm"* for 
benzaldehyde-df, [12]. In the present case, the frequencies 
583, 650 and 6 1 1 cm * arc assigned to this mode in light of 
the PEDs. O ut o f  the tw o  CH O  non-planar modes, one 
corresponds to the wagging mode and has a ^magnitude 
near 1000 cm *. The present force fie ld  calculations place 
this mode at 962, 1001 and 1009 cm ‘ fo r the o-, /w- aod
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^-isom ers re sp ec tiv e ly . Z w arich  e t  a /  [21] an d  C o m p ag n aro  
and W ood [35] h a v e  ass ig n ed  th e  C H O  to rs io n a l m o d e  
near 135 cm~*. In th e  p re se n t case , th e  freq u en c ies  128 and  
127 cm “  ^ o b se rv ed  fo r th e  o- an d  w -iso m ers  re sp ec tiv e ly  are  
assigned to  th e  C H O  to rs io n a l m o d e . F o r  th e  /?-isom er, no  
frequency is o b se rv e d  n e a r  130 cm  *. T h e  fo rce  fie ld  
calculation p lace s  th is  m o d e  a t 133 cm  ‘ fo r th e  /?-isom er. 
It is to  be n o ted  h e re  th a t e x cep t th e  C -H  s tre tch in g  m o d e  
all the rem a in in g  five  in te rn a l m o d es  o f  th e  C H O  g ro u p  are  
coupled m o d es . H o w ev e r, it is to  be  n o ted  th a t the  C = 0  
stretching and  th e  C -H  (C H O ) p la n a r  b en d in g  m odes are  
localized g ro u p  m o d e s  as th e se  tw o  in v o lv e  fo rce  co n stan ts  
ofthe C H O  g ro u p  o n ly , ex cep t th a t th e  C = 0  stre tch in g  m o d e  
lias very  sm all co n tr ib u tio n  fro m  the  rin g  C = C  stre tch in g  
force co n stan t. T h e  C - H  n o n -p la n a r  w ag g in g  m o d e  a lso  
appears to  be a p u re  m o d e  fo r th e  /w- an d  p -iso m e rs  w hereas 
for the o -iso m er it sh o w s s tro n g  m ix in g  w ith  the  rin g  C -H  
non-planar b en d in g  and  th e  C - C - C - C  to rsio n a l m odes. T he 
CHO to rsio n a l m o d e , is m ix ed  w ith  th e  r in g  C --C -C -C  
torsion fo r th e  o- an d  /?-isom ers w h ereas  fo r th e  / 7- iso m er th is 
is mixed w ith  th e  O C H ^ to rs io n a l m ode .
4 3 O Cl I j group modes :
The O - C H 3  m o d e  is a ss ig n ed  at - 1 0 4 0  cm  * fo r an iso le  [1] 
and in the  reg io n  1 0 0 0 - 1 1 0 0  cm"^ fo r an iso le  and  its 
derivatives [2 4 ,2 6 ,2 8 ]. T h is  m o d e  is a ss ig n ed  at 1026, 909  
and 995 cm"^ fo r th e  o-, m - and  / 7-M B D s resp ec tiv e ly . T he 
present N C A  su g g es ts  th a t th is  m o d e  is s tro n g ly  m ix ed  w ith  
the C \h  d e fo rm a tio n  an d  th e  rin g  C -C  s tre tch in g  m o d es  fo r 
all.the th ree  isom ers . D iffe ren ce  in m ag n itu d es  o f  th is m ode 
for the w - an d  / 7-M B D s su g g es ts  th a t th is  m ode is 
influenced b y  th e  su b s titu en t.
T he C - O - C H 3 an g le  b en d in g  m o d e  is ass igned  n ea r 
300 cm  ’ fo r an iso le  by  O w en  and  H este r [20] and at 
4 2 F cm~* fo r / 7-M B D  by C o m p ag n a ro  and  W ood  [35]. 
R am ana R ao  e t a l  [2 ,2 4 ,2 6 ,2 8 ] h av e  p ro p o sed  a ss ig n m en t 
for th is m o d e  in th e  reg io n  3 0 0 -6 7 0  cm^^ fo r an iso le  and  
Its d e riva tives . A s th is  m o d e  lies in th e  reg io n  o f  th e  ring  
planar C-C->C a n g le  b e n d in g  m o d es  6  (a ,^ ) , a  s tro n g  m ix ing  
am ongst these  tw o  m o d es  and  o th e r  p lan a r m o d es  is expected . 
The C -O -C H s  an g le  b en d in g  m o d e  is a ss ig n ed  a t 341 , 
382 and  4 3 0  cm~* fo r th e  o-, /w- and  / 7-iso m ers re spec tive ly . 
The F E D  fo r th is  m o d e  su g g es ts  a  s tro n g  m ix in g  o f  th is  
m ode w ith  o th e r  p la n a r  m o d es  (T ab le s  2 -4 ) .  T h e  to rs io n a l 
m ode o f  th e  O C H 3 g ro u p  w as o b se rv ed  fo r an iso le  at 
100 cm '* b y  so m e  w o rk e rs  [30 ,31 ]. B a lfo u r [1] a ss ig n ed  th is 
m ode at 81 .5  cm ”  ^ an d  L ak sh m a iah  and  R am an a  R ao  [24] 
calcu la ted  th is  m o d e  to  b e  a t 58 cm"^ fo r an iso le . T h is  m ode  
is exp ec ted  to  He b e y o n d  th e  in v es tig a ted  ran g e  p resen tly . 
The c a lc u la ted  fre q u e n c ie s  fo r  th is  m o d e  fo r th e  th ree  
isom ers o ,  m - a n d  p -  a re  re sp ec tiv e ly  92 , 84 an d  78 cm "^
4.4. CH3 group modes :
F o r th e  O C H 3 g ro u p  co m p o u n d s , the  m ode ap p ea rs  in the 
ran g e  28 2 5 —28 7 0  cm~*, low er in m ag n itu d e  co m p ared  to  its 
v a lue  in C H 3 co m p o u n d s  (2 8 6 0 -2 9 3 5  cm  *), w h ereas the 
tw o  Vav m o d es  fo r bo th  th e  types o f  co m p o u n d s lie in the 
sam e reg ion  29 2 5 —2 985  cm~*. T he P E D s fo r these  m odes 
su g g es t th a t these  are  pu re  C H 3  s tre tch ing  m odes.
I 'h e  d e fo rm atio n  m o d e  5, o f  th e  C H 3 g ro u p  lies in the 
regi|&n 1 2 8 5 -1 3 7 0  cm  * in O C H 3  co m p o u n d s [31]. H ow ever, 
the  ^presen t fo rce  fie ld  ca lcu la tio n s p lace  th is  m o d e  at 
1440 cm  * fo r all th e  th ree  isom ers. It co u ld  be seen  from  
T ab les  2 -4  th a t th is  is a  s tro n g ly  m ix ed  m o d e  fo r the  th ree  
isom ers. T he tw o  4.v m o d es  fo r th e  O C H 3 co m p o u n d s  also  
lie in  th e  reg ion  o f  Sas o f  th e  C H 3 co m p o u n d s  (1 4 1 0 -  
1470 cm~*) and  a re  su b s titu en t in d ep en d en t m odes. In the 
p resen t case , it co u ld  be seen from  the  P E D s th a t th e  tw o  
Sas m o d es  a re  p u re  C H 3 g ro u p  m odes . T he  tw o  rock ing  
m odes a '  +  a "  o f  the  C H 3  g ro u p  lie in th e  rang  9 9 0 -  
1070 cm  * fo r O C H 3 and  C H 3 c o m p o u n d s  and  the  p resen t 
ass ig n m en ts  fo r th ree  m o d es are  a lso  in the  ab o v e  reg ion . 
It is in te resting  to  no te  tha t these  are a lso  pu re  C H 3 g roup  
m odes.
T he C H 3  to rs io n a l m ode cou ld  be  ass ig n ed  at - 1 6 5  
cm  * in all the  th ree  cases. It is to  be no ted  h e re  th a t th is is 
a  pu re  m ode  fo r th e  o- and  /77-isom ers  w h ereas it sh o w s a 
s tro n g  m ix in g  w ith  the  C H O  to rsio n a l m o d e  and  a  w eak  
m ix in g  w ith  o th e r n o n -p lan a r m odes fo r th e  /7-isom cr.
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